) is also associated with this outcome, although nonsignificantly. Distinguishing stress-related from radiation-induced effects in this data set was difficult and these findings should provide a basis for later hypothesis testing in other cohorts. Environ Health Perspect 105(Suppl 6): 1539-1544 (1997) 
Introduction
The most serious reactor accident in the history of nuclear power occurred 26 April 1986, when the Chernobyl No. 4 reactor exploded. After the initial explosion, the reactor burned for 10 days, releasing 3 to 4% of the total radioactivity in the reactor core to the atmosphere (1) . Agricultural products were contaminated because of the deposition of radioactive compounds on the ground and the uptake by plants and animals. The absorption of radionuclides from ingestion of contaminated food and water and through inhalation may have resulted in serious internal exposure. Of particular concern for medium-and longterm effects is caesium-137, among the main radionuclides in the fallout.
The consequences attributed to the accident at the Chernobyl nuclear power plant have been subjected to extensive scientific examination, but epidemiologic studies on health effects have focused largely on physical health. Except for a marked increase in the incidence of thyroid cancers in children, epidemiologic evidence presently available is weak with regard to somatic consequences (2) (3) (4) (5) . A decade has passed since the accident, but this is a relatively short time span within which to adequately document the risk of chronic conditions. Moreover, a problem encountered in lowdose studies is that the magnitude of potential confounding effects may be greater than the magnitude of the radiation effects.
On the other hand, little attention has been paid to the impact of the accident on the mental health of populations. According to Havenaar et al. (6) , the Chernobyl nuclear disaster may be partly responsible for the high prevalence of (low severity) psychiatric disorders and psychologic distress in the Gomel region (Republic of Belarus). Nevertheless, to our knowledge no detailed results have been reported to date on exposures or habits hypothesized to increase the risk for mental disorders in the aftermath of the accident.
Many people (approximately 135,000) were evacuated from inside a 30-km radius of Chernobyl some days after the catastrophe because they were considered to be highly exposed. Long-term cohort studies that include all persons who lived in this affected area are impractical, because of the difficulty and high costs of obtaining data for such studies. However, some people were deliberately sent to this area to perform clean-up work after the disaster. Some of these workers participated in the construction of a massive structure in concrete and steel used to support what remained of the walls of the reactor building. Sarcophagus was the name given to this containment structure. These clean-up workers, often called liquidators or rectifiers, numbered between 600,000 and 800,000, and likely have been highly exposed to radiation. Supposedly they have had the state of their health monitored and registered, at least in a more thorough way than most of the general population (7) . Hence, studying liquidator cohorts is an important way (if not the only way) to assess whether psychological distress and/or psychiatric disorders are related to radiation exposure after the Chernobyl accident.
Among the liquidators of various nationalities, 4665 male residents of Latvia have been traced in extensive research carried out by a nationwide registry (established in 1987 to register all health events occurring in the Latvian clean-up worker population) and followed since that time. On the basis of this well-defined liquidator cohort, our objective is to examine the extent to which certain exposure circumstances (e.g., work characteristics, nutritional habits) represent risk factors for mental and psychosomatic distress. questionnaires. So a subsample was drawn that included on a systematic basis the first 1444 liquidators to undergo their annualy medical examination in 1994. This sampling frame depended, therefore, on neither current or previous health status, level of anxiety, nor the amount of radiation exposure. Information was elicited from the corresponding questionnaires during this medical check. Questions were asked about medical history, lifestyle, and occupational and environmental risk factors. All variables that could be considered surrogates of ionizing radiation exposure as well as some confounding factors were considered in this study. This yielded a set of the following 22 items: length of stay in the Chernobyl area, length of work in various places (on the damaged reactor, in the inner zone 0-10 km), number of times liquidator has worked on the damaged reactor roof, types of work (construction of the sarcophagus, soil removal, building construction or destruction, work in the forest, transport, chemical exposure), protective habits (gloves, breathing apparatus, protective clothing, showers), local food consumption (water, milk, fresh vegetables, fresh fruits, fresh mushrooms, meat), and smoking habits. A major problem in such environmental contamination is that valid and reliable measurements of radiation exposure (either external or internal) generally are not available. In our sample, 922 liquidators had some dose estimates on their military identity cards. But this information was unreliable, because it is well known that the former Red Army distorted these data on purpose. Hence, we have decided a priori to discard these estimates.
Population and Methods
The objective of a cohort study generally is to estimate the risks of various diseases among people followed after exposure relative to background risks among persons not exposed to the same environmental factors. . Construction of the sarcophagus also appears to be a risk factor (RR= 1.82), although it is not significant (p = 0.10).
Discussion
The lack of research on man-made disasters that have occurred has recently been recognized (9) . We are not aware of any Thus, this study has two main limitations. First, the subcohort can only be considered representative (according to age and calendar year of arrival at Chernobyl) of liquidators who have survived at least 8 years after the catastrophe, since risk factors were assessed in 1994. Nevertheless, a few deaths have occurred among the whole cohort during the time interval (91 deaths). Second, exposure surrogates were collected after most of the events under study had occurred, so one cannot rule out a recall bias. Liquidators suffering from mental disorders could have exaggerated the level of their exposures, which was retrospectively assessed. But many risk factors could be considered as fairly reliable, as they are factual (e.g., type of work) or reconstructed from spatial or temporal information (length of residence or work) that has been checked through individual Chernobyl passports or in service records.
The relevance and the reliability of outcome measures must be addressed. We were forced to rely on clinically significant morbidity classified according to the ICD-9 to assess level of mental distress because this is the only measure available. ICD-9 may appear crude compared to more refined diagnostic instruments such as the Diagnostic Interview Schedule, the Brief Symptom Inventory, the Post Traumatic Stress Disorder Reaction Index, or the Impact of Events Scale (10), but one must keep in mind the chaotic and uncertain conditions that prevailed at the beginning of the liquidators health monitoring, and that their follow-ups do not focus solely on mental disorders. As a result, no methods for assessing stress exposure have been employed. In practice, in the Russian ICD-9 version both 306.2 and 337.9 codes refer to similar symptoms of various types (physical and neurological) that may be psychogenic in origin (11) . An additional advantage is that the ICD-9 is standardized and familiar to all the involved physicians, who had regular meetings to agree on coding procedures. By defining a broad group we have attempted to identify mixed mental-psychosomatic disorders (the predominent medical disorder seen in community surveys) and to gain some statistical power. Moreover, we did not know whether or not physicians attributed the mental health effects under study to radiation exposure.
Proxy measures for radiation exposure are entered separately in the statistical models, and it is possible that a total exposure indexthat combines the measures in some way might have been preferable. The association between official doses and characteristics of work as a Chernobyl liquidator has been examined in a pilot study (12) . Results indicate that some characteristics such as duration of work in the 30-km zone may not be correlated with radiation dose, whereas other characteristics such as working within 500 m of the reactor, on the roof of the reactor, or on the construction of the sarcophagus are associated with doses recorded in the Chernobyl Registry. Additional research on a larger and more detailed database clearly is warranted before the construction and epidemiologic use of a gradient of probable individual exposures.
In this cohort study, status can be determined only through health examinations of the individuals, with the time at which a pathology first occurs only being determined to be in the time interval between the last examination without a disease and the first examination with a disease. Such data are then interval-censored rather than right-censored. But it has been demonstrated that the estimated effects of the covariates are not very sensitive to how time was dealt with in the analyses (13) . One must also bear in mind that some chance findings are likely due to multiple comparisons, although several p values are lower than 0.01.
Distinguishing stress-related from radiation-induced effects is difficult in this data set because there is no actual measure of the liquidators perceptions or stress level, and moreover, some retrospective assessments of exposure could be beset by recall bias. However, it seems likely that most of the significant risk factors correspond to some extent to the perceived degree of radioactive contamination, rather than the level of contamination itself.
The length of work time in the inner zone (< 10 km from the reactor) obviously was considered a high risk factor by the liquidators (living or working so close to the damaged reactor); the same goes for the number of times on the reactor roof (at least by young soldiers carrying burning pieces of graphite from the reactor with their bare hands). In our study, having worked on the sarcophagus is a risk factor, although it is not statistically significant (p= 0.10). In this case also, though, liquidators could reasonably suppose exposure to radiation probably was high.
On the other hand, forest work could possibly be another mechanism of exposure. Because of the high filtering characteristics of trees, the specific ecological pathways in forests when contaminated often result in enhanced retention of contaminating radionuclides. As a result, lichens and mosses often exhibited high concentrations of radionuclides (14) . Hence, forests are a potential reservoir of secondary contamination and fires represent a potential risk of resuspension of radionuclides. So in the wake of the Chernobyl accident, it became apparent that forest ecosystems are very important sources of radiation doses to humans that demand careful management (15) . These technical considerations probably escaped the liquidators' attention (hence avoiding recall bias), and could to some extent favor radiation-induced effects. When one considers the close relationships between neuroendocrine dysfunctions and mental disorders, especially in the hypothalamic-pituitary-adrenal axis (16) , one wonders whether they could represent potential pathways for radiation to have an impact on mental abilities. However, given our limited biochemical understanding of radiation and stress effects, and because of the limitations of this epidemiologic survey, which was not originally designed to explain the complex pathway between Chernobyl exposures and psychological morbidity, the findings about forest work should serve as a basis for later hypothesis testing in other cohorts before any firm conclusions are reached.
We are hesitant to interpret the fresh fruit consumption data. Of course, radioactive contamination has entered the soil and the food chain. However, other food items such as milk and water do not appear to be risk factors and questions about their local origin and frequency of consumption raises concerns about the interpretation of our results. Furthermore, a threshold (daily consumption) is emphasized rather than a dose-response pattern.
On the whole, this work highlights some risk factors for mental and psychosomatic disorders among Latvian clean-up workers after the Chernobyl accident. Possible pathways include: radiation causing physical disorders that in turn cause psychiatric disorders; radiation exposure causing increased anxiety about health, which in turn leads to psychiatric disorders; and psychiatric disease induced by direct radiation. In attempting to generalize these findings across liquidator cohorts, it is necessary to bear in mind some critical characteristics as the societal response to their health needs or the social and family support which could alleviate the mental deleterious effects caused by such a disaster, but which can operate variously in different demographic groups (10) . More research is clearly needed on the longterm mental health consequences of the Chernobyl disaster. The follow-up of Latvian liquidators is continuing and should contribute to evaluations of the extent of psychopathology during different phases of the aftermath. In such humanmade disasters, in which the more extreme health consequences may take years to develop, the level of mental disorders may not abate over time. Another avenue of research consists of the mechanisms by which a nuclear disaster leads to mental health effects. Multidisciplinary cooperation (cognitive and psychosocial sciences, molecular biology, epidemiology) is warranted to assess individual attitudes and fears about radiation and then to distinguish psychogenic effects from bioeffects of organic origin. However, whether stress-related or radiation-induced, mental distress reflects a genuine human suffering to be taken account of and appears to be an important health consequence of the Chernobyl nuclear accident in view of the size of the population affected and the burden on the health care systems.
